Journal Title: Alzheimer's and Dementia Volume: Volume 14, Number 5 Publisher: Elsevier: 12 months | 2018-05-01, Pages 579-589 Abstract INTRODUCTION-Examine associations between midlife cardiovascular health (CVH) and 20year cognitive decline among Blacks and Whites. METHODS-Midlife CVH metrics (American Heart Association's Life's Simple 7; LS7) were calculated and examined in relation to midlife and 20-year change in cognitive function among 13,270 Whites and Blacks from the Atherosclerosis Risk in Communities Cohort Study. We used linear mixed models to estimate adjusted associations of midlife CVH with midlife cognitive status and change.
INTRODUCTION
Cardiovascular disease (CVD) risk factors are modifiable determinants of heart disease and stroke, 1 and are increasingly recognized as modifiable risks for cognitive decline and dementia in later life. 2 This recognition stems from several population-level studies that have reported that midlife CVD risks (i.e., from medical histories) are associated with cognitive decline and dementia in later-life. [3] [4] [5] [6] [7] [8] A recent large randomized clinical trial reported that non-demented, but at-risk older Finnish adults maintained or improved cognitive function with 2-years of exercise, lifestyle (e.g., diet) and cognitive training interventions. 9 Less is known from long-term cohort studies that examine how cardiovascular health and health behaviors in midlife shape cognitive function, decline and disorders into later life. [10] [11] [12] This study uses a prospective cohort data to examine how cardiovascular health and health behaviors measured in midlife relate to cognitive function in later in life among African Americans and non-Latino Whites.
In 2010, the American Heart Association's set goals to improve cardiovascular health (CVH) and reduce morbidity and mortality from CV disease by 20%. This comprehensive set of goals include seven behavioral (e.g., diet) and biomarker (e.g., cholesterol) components (aka Life's Simple 7™; LS7) that can be combined to yield a CVH score. 13 Higher LS7 scores are indicative of better CVH and are associated with reduced CVD incidence and other adverse health outcomes. [14] [15] [16] Higher LS7 that are indicative of better CVH have been associated with more favorable cognitive function and lower incident cognitive impairment in diverse populations. [17] [18] [19] Recently, higher LS7 was linked to lower rates of stroke and dementia among Whites. 12 As such, it is possible that initiatives, like LS7, may have favorable by-products for cognitive health.
In this study, we examine cognitive function in relation to CVH among African Americans and Whites over a 20-year span of the Atherosclerosis Risk in Communities (ARIC) study. We hypothesized that higher midlife CVH (i.e., LS7 scores) would be associated with healthier brain function (i.e., cognitive performance) at midlife and across 20-years of ARIC follow-up.
(African-Americans only); selected suburbs of Minneapolis, MN; and Washington County, MD. ARIC was designed as an observational longitudinal study of cardiovascular disease risk factors and sequelae. Batteries of cognitive assessments were administered for the ARIC cohort at Exam 2 (1990 Exam 2 ( -1992 ; n=14,040), for a subset at exam 3 undergoing magnetic resonance imaging (MRI) (1994-1995: n=2,066), for the exam 4 cohort (1996-1999: n=11,027), for subsets of participants at two ancillary studies (Brain MRI: 2003 -2006 n=1,121 and Carotid MRI: 2005-2006 ; n=2,013) and for the exam 5 cohort (2011-2013: n=6,199) . Cognitive measures at each of these visits included the Delayed Word recall (DWR), Digit Symbol Substitution (DSS) test from the Wechsler Adult Intelligence Scale -Revised, and phonemic Word Fluency (WF). Detailed information about these cognitive tests has been previously published. 21 
Outcome Variables
In line with previous longitudinal work from ARIC, [22] [23] [24] [25] z-scores for each cognitive test were created at each testing occasion by scaling to their mean and standard deviation (SD) at baseline (1990) (1991) (1992) . The baseline means and standard deviations (SD) for DWR, DSS, and WF were 6.6 (1.5), 45.1 (14.1), and 33.4 (12.4), respectively. The means and standard deviations in the original metric as well as the standardized scores are presented in Supplemental Table 17 . Consistent with previous studies in this cohort, the average of these 3 test-specific z scores was used to create a global longitudinal composite score that was then scaled to its baseline SD. A one-unit decrease in this global z-score measure is thus interpreted as a full SD decline in cognition from the baseline. 26 
Primary Predictor
Individual CVH indicators were measured at ARIC Exam 1 (1987 Exam 1 ( -1989 ) and coded to reflect American Heart Association (AHA) specifications for Ideal CVH. 13 A description is provided in Supplemental Table 1 with additional details for the diet variable provided in Supplemental Table 2 . 27 Briefly, each LS7 measure was coded as a three-category indicator that grouped individuals' scores as meeting Ideal (2 points), Intermediate (1 point), or Poor (0 points) criteria. Participants' LS7 criterion scores were then summed (range 0-14) with higher scores indicating better CVH. The LS7 indicators included three behavioral (diet, physical activity, and smoking) and four biological (body mass index (BMI), blood pressure (BP), total cholesterol, and fasting blood glucose) markers.
Covariates
Analyses controlled for sex and baseline age in years, a combined race/study site composite indicator (for examining any potential study site confounding effects), and educational attainment (basic, intermediate, and advanced). Basic education was defined as less than high school graduate; intermediate education was defined as having a high school degree; and advanced education as having some college education or higher. without CVH). We also excluded n=223 participants reporting a stroke prior to Exam 2, and n=13 participants missing educational achievement information. The inclusion criteria and sample exclusion numbers as well as the final analytical sample size are included in Supplemental Table 16 . This study protocol was reviewed and approved by institutional review boards of participating sites. All participants provided written informed consent.
Data analyses were conducted in four steps. First, we calculated descriptive statistics for the LS7 score, its individual items, and the model covariates by racial grouping. Second, we present a detailed characterization of the distribution of the LS7 score by racial grouping (Supplemental Table 3 ). Third, we fit a series of linear mixed models 28, 29 with random intercepts and robust Huber-White variance estimates to examine the relationships between cognitive function over the study period and 1) our primary exposure (LS7 score), and 2) each of the individual LS7 items. 29 Mixed models are elegant for these data as they include inherent missing at random (MAR) assumptions, which allow missingness by dropout or design to be addressed via appropriate inclusion of terms in the design matrix. We examine potential non-MAR effects in the sensitivity analyses below. Time-in-study vs. attained-age time-scales in longitudinal and survival models have received considerable attention in the literature. [30] [31] [32] [33] In our analysis, we used the number of years since Exam 2 as the longitudinal metric for time following standard ARIC analysis protocol. In all models we allowed for race-specific covariates effects by including race by education, age, and sex interactions. In models where the effects of individual LS7 items were considered, we used a dummy variable for "ideal" and set the reference to the non-ideal group. To account for nonlinear cognitive change trajectories over the course of the study we used linear splines with knots at 6 and 12 years to characterize nonlinear decline trajectories, similar to previous ARIC cognitive analyses. Knot placement was informed by Akaike information criterion (AIC) and sensitivity analyses to knot placement yielded similar results. We include more technical details on the fitted models as a supplementary appendix (SA1) for interested readers. Fourth, to examine the within racial group relationships between LS7, and its component items, and cognitive change all models detailed above were refit in race stratified analyses. To facilitate interpretation, and for each analytic set, we present 1) the estimated marginal effects, their 95% confidence intervals, and calculated p-values for the total LS7 score and its component items, 2) the predicted marginal means at pre-specified LS7 scores (LS7=10 and LS7=6) and component item groups (Ideal and Non-Ideal), and 3) the difference (attenuation) in predicted marginal means between these pre-specified values. All estimated marginal effects and predicted values are presented with respect to the 1) midlife cognitive status, 2) the overall (0-20 years) of change in cognitive status, and 3) cognitive status after 20 years. Additionally, to facilitate the interpretation of our results we include forest plots that combine the 1) estimated attenuations (and their 95% confidence intervals) in cognitive decline slopes for each cognitive test ( Figure 2 ), and 2) the difference in cognitive status at 20 years for each LS7 component item ( Figure 3 ).
Sensitivity analyses
We conducted two sensitivity analyses (available from authors). In the first, we refit the models, detailed in step 3 above, to include simultaneous adjustments for all LS7 items. Second, to investigate possible bias in our results due to informative dropout during the study period, we reran our analyses, as detailed in step 3 above, using joint modeling of longitudinal and survival data (SA1 includes a brief explanation and technical details). 34, 35 All data were analyzed using Stata 14.1 (Stata Corp, College Station, TX) and SAS 9.4 (SAS Institute, Cary, NC).
RESULTS

Sociodemographic and health characteristics
Descriptive statistics for ARIC participants at midlife by racial groups are provided in Table  1 . Blacks were more likely to be female (64% vs. 53% for Whites), slightly younger (53.3 vs. 54.3 years), and more than twice as likely to report basic education (<12 years) (38% vs. 16%).
LS7 profiles
Blacks had higher average midlife BMI, systolic and diastolic BP, and fasting glucose levels (all p<0.001), but did not differ from Whites on average total cholesterol (p=0.27) ( Table 1) . Blacks were also less likely to satisfy criteria for ideal physical activity (22% vs. 43%), more likely to report never smoking (49% vs. 41% for Whites) and being current smokers (27% vs. 23% respectively), and slightly less likely (but statistically significantly so) to satisfy criteria for ideal diet (5% vs. 6%).
Very few participants satisfied Ideal criteria on all 7 measures (0.2%; Supplemental Table 3 ). The distribution of the LS7 score was largely normal with both the mean and median scores estimated at 8 (range 0-14; interquartile interval 6-10). Blacks had a significantly (p<0.001) lower LS7 score (Mean= 6.8, SD=2.2) compared to Whites (Mean=8.4, SD=2.3).
Midlife association between cognitive scores and LS7
Results from linear mixed models indicated positive, significant, and consistent associations between midlife LS7 and midlife cognitive status ( Table 2) . A one-unit higher LS7 score was associated with 0.03 (p<0.001), 0.02 (p<0.001), 0.03 (p<0.01), and 0.03 (p<0.001) standard deviation (SD) higher score in midlife global cognitive functioning, DWR, DSS, and WF, respectively. Stated differently, the differences in average midlife cognitive performance status between participants with an LS7 score of 10 and a score of 6 (LS7 quartiles) was equivalent to 0.10, 0.06, 0.14, and 0.11 SD for the global cognition, DWR, DSS, and WF, respectively (all p<0.01).
To facilitate clinical translation of these results we focus on global cognition and place the estimates in the context of the derived age effect on baseline global cognition (B=−0.027 for 1-year increase in age). As such, the effect of a 1-unit increase in LS7 score on baseline global cognition (B=0.026) is equivalent to protection from one additional year of aging, and the effect of a 4-unit increase in LS7 score on baseline cognition provides cognitive protection equivalent to 4 years of aging. González 
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Midlife association between cognitive scores and LS7 components
We observed largely positive and significant associations between the LS7 components and each of the cognitive measures (Supplemental Tables 4, 5 , 6, and 7). Differences in midlife global cognitive scores between Ideal and non-Ideal groups varied between Δ=0.11 SD (p<0.001) for smoking and Δ=−0.02 (p=0.027) for cholesterol. Blood pressure groupings were not statistically distinct on their midlife cognitive scores. We found differences in midlife DWR with respect to BMI and smoking, but less so for the other indicators. Differences in DSS midlife scores between Ideal and non-Ideal groups varied between Δ=0.17 SD (p<0.001) for smoking and Δ=0.03 (p<0.001) for BP. Neither ideal diet nor cholesterol were significantly associated with the DSS. Finally, we found significant differences (Ideal vs. non-Ideal) in midlife WF scores with respect to BMI Δ=0.06 SD, smoking Δ=0.06 SD, and physical activity Δ=0.12 SD; all p<0.001.
Association between cognitive change and LS7
Overall, participants with higher LS7 scores at midlife maintained consistently higher cognitive function two decades later. (Table 2 ) More importantly, higher LS7 scores at midlife had small but positive protective effects on the course of cognitive change over the study period. A one-unit higher score in the LS7 index at midlife attenuated cognitive decline over the study period by 0.02 (p<0.001), 0.04 (p<0.001), and 0.01 (p<0.001), and 0.02 (p<0.001) SDs on the global cognitive, DWR, DSS, and WF scores, respectively. Stated differently, these estimated differences correspond to amelioration in cognitive change for participants with an LS7 score of 10 at midlife (relative to those with a score of 6) equivalent to 0.08 (p<0.001), 0.14 (p<0.001), and 0.04 (p<0.001), and 0.06 (p<0.001) SDs over and above their advantageous midlife differences.
As with above we focus on global cognition and place the estimates in the context of the derived age effect on baseline global cognition (B=−0.027 for 1-year increase in age) to facilitate clinical translation of these results. The effect of a 1-unit increase in LS7 score on global cognitive decline (b=0.019) is equivalent to about three-quarters of a year of aging, and the effect of a 4-unit increase in LS7 score on cognitive decline equates to roughly 3 years of aging over the course of 20-years. Estimates of midlife scores and trajectories of change for global cognition by LS7 groups are presented in Figure 1 .
Time splines
Our time-differentiated, splines-based results provided little evidence to suggest that substantive differences in the effects of better CVH at midlife are stronger for shorter-term, relative to longer-term, cognitive benefits. This was true for all four cognitive measures where positive attenuations of midlife LS7 scores were evident (Supplemental Tables 4-7 .)
Association between cognitive change and LS7 components
Item specific analyses ( Figure 2 ) showed similarly positive protective effects on global cognition for the four Ideal compared to non-Ideal biological markers: BMI (0.068; p<0.001), BP (0.091; p<0.001), total cholesterol (0.073; p<0.001) and fasting glucose (0.084; p<0.001). However, we found that better behavioral profiles at midlife led to more accentuated decline in global cognition over the study period; equivalent to −0.063 SD (p=0.033) for diet, −0.036 SD (p<0.001) for physical activity, and −0.039 SD (p=0.001) for smoking. The estimated differences in cognitive scores after 20-years are presented in Figure  3 . Both the change (slopes; Figure 2 ) and endpoint ( Figure 3 ) results were consistent across the three individual cognitive tests.
Race specific associations between midlife LS7 and cognitive change
Similar results were evident in race-stratified analyses with respect to global neurocognition (Table 3) . At midlife the magnitudes of the effects of the LS7 index on cognitive tests were more pronounced among Blacks compared to Whites. Specifically, the effects of a unit increase in the LS7 index on midlife global cognitive, DWR, DSS, and WF scores were, respectively, 1.8, 2.6, 1.4, and 2.0 times larger among Blacks compared to Whites. However, the protective effects of midlife LS7s over time were more prominent among Whites and not statistically evident among Blacks. The race specific effects of the individual LS7 items largely mirrored the overall sample findings and showed principal consistencies across both race groups, despite larger confidence intervals among Blacks ( Supplemental Figures 2 and  3 ). Detailed presentations of these estimates, and those resulting from the splines-based models are included in Supplemental Tables 8-11 for Whites, and 12-15 for Blacks.
Sensitivity Analyses
Results similar to the primary findings, as reported in Tables 2 and 3 , were evident when we adjusted for all ideal LS7 components in the fitted models. Results from the joint models showed slight accentuation of cognitive differences for higher LS7 scores, but did not qualitatively change conclusions from our primary analyses.
DISCUSSION
Among ARIC participants, we found that higher midlife LS7 CVH scores were associated with better cognitive function in middle-age, and that LS7-related higher cognitive function was maintained over 20 years. Overall, our translation of the study estimates indicate that, for example, the aggregate benefit, through better midlife cognitive performance and protection against decline over time, from each unit increase in LS7 scores equates to about 2-years of protection against global cognitive aging over the course of 20-years. Additionally, we found that individual Ideal LS7 components including biomarkers (BMI, blood pressure, cholesterol, glucose levels) and behavioral measures (diet, physical activity, and non-smoking) were consistently associated with better midlife cognitive function. Ideal biomarkers (BMI, blood pressure, cholesterol, glucose levels) and to a lesser extent behavioral measures, particularly physical activity and non-smoking, were also linked to better cognitive function 20-years later. The relationships between LS7 components and cognitive decline were more varied. Only Ideal baseline biomarkers (BMI, blood pressure, cholesterol, glucose levels) were associated with less cognitive decline. It is noteworthy that the reductions in cognitive decline we found were apparent for all ARIC participants, but the CVH effects were notably stronger for Whites than among Blacks. Our results were not explained by study dropout or death.
Our findings are consistent with a previous report suggesting that LS7 CVH in young adulthood may have cognitive benefits for Blacks and Whites in midlife. 18 Our longitudinal findings extend this previous work to suggest that midlife CVH may have enduring 20-year benefits that may reduce cognitive decline. [17] [18] [19] Without known cures for Alzheimer's disease and related dementias, even modest reductions in cognitive decline, such as those found here in ARIC, can have a significant impact by forestalling dementia-related impairment and disease burden. Modest reductions in cognitive decline and compression of morbidity to later years could delay personal suffering and significantly lower the disease burden of dementias. 36 In ARIC, the total Ideal LS7 and each individual Ideal component were associated with higher midlife cognitive functioning. The total Ideal CVH and individual LS7 biological components (e.g., cholesterol) were related to attenuated cognitive decline, but the behavioral components (e.g., diet) were not. Midlife elevated systolic blood pressure, hypercholesterolemia and obesity have been reported to be associated with late-life cognitive function and ADRD, which is consistent with our findings. [3] [4] [5] [6] [7] [8] However, midlife CVH behaviors (i.e., leisure activity and smoking) in relation to late-life cognition have received less attention. Higher midlife leisure-time physical activity has been associated with better cognition, but not midlife smoking. 11, 37 In our study, we included self-reported diet, physical activity and smoking status at midlife, but none of these health behavior indices were clearly protective against cognitive decline. Our results, overall, provide evidence to argue that optimal behavioral measures provide an edge for healthier cognitive aging (those with better behavioral outcomes started higher and ended higher as well), yet the mechanisms of cognitive maintenance require more research and better data. We offer three conjectures to help clarify the curious associations between the behavioral components and the slope of cognitive decline. First, we believe that the advantageous behavioral factors are more unstable and harder to maintain over time compared to midlife biological measures. As such, any cognitive reserves initially created at baseline by these factors are likely to be lost as individuals age in comparison to those that do not have these advantages. Second, it is possible that residual confounding remains uncontrolled in the model. It is hard to speculate about the nature and mechanism of the confounding given available data, but factors linked to both survival and lower cognitive function (e.g. stroke) might be at play. We reasoned that selective attrition might have contributed to these findings, but our sensitivity analyses did not lead to drastically different conclusions. Third, health behaviors used in this study were based on self-report, which may be subject to recall and response biases. Objective health behavior measures (e.g., accelerometry) could improve the precision of measurements and estimates. 38 It is also worth noting that the LS7 criteria for diet are very stringent such that only about 1% of the ARIC and other cohort studies reported Ideal LS7 diet. 14, 39 Better midlife CVH was associated with higher benefit for midlife cognitive function for Blacks, than Whites. However, the midlife CVH-cognitive benefits we estimated were notably lower for Blacks later in life. Early morbidity did not explain the Black-White differences in cognitive decline. As we suggested above, behavioral LS7 or other components (e.g., BP) may be less stable over 20-years that might contribute to this difference in CVH-cognitive benefit. If CVH-related benefits to cognitive health at the population level are to be realized, then understanding the nuances of the racial differences in CVH benefits on 20-year neurocognition we observed in ARIC merit additional attention.
The findings of this study are clinically relevant for practitioners whose aging patients express their concerns about developing Alzheimer's disease and are seeking advice on ways to maintain their cognitive health. In the absence of effective therapies to prevent ADRD, encouraging patients to properly maintain their cardiovascular health in midlife will lower their CVD risk and perhaps, as we suggest, may be able to better maintain their cognitive health. Lower stroke risk is one direct mechanism by which improved midlife cardiovascular health is associated with maintaining cognitive health. 15, 40 Additionally, there is emerging evidence that suggests that CVD has an important neurovascular role in the development of ADRD. 41 The Alzheimer's Association has recently initiated a public health program that promotes CVH and increasing mental stimulation (e.g., puzzles; http://www.alz.org/brain-health/ brain_health_overview.asp). The AHA's LS7 2020 goals to reduce cardiovascular morbidity and mortality overlap considerably with the Alzheimer's Association's Brain Health program. The LS7 program has precise and prescriptive goals for improving CVH, but does not include mental stimulations. As such, we suggest that combining the LS7 and Brain Health efforts could be an effective and efficient way to join resources for combating two leading causes of disease burden, namely heart disease, and cognitive decline, dementia, and related disorders. Given revitalized acceptance and new understanding that midlife cardiovascular disease contributes to its etiology and, therefore, may be a means for delaying or preventing dementias. 36 Our study had several strengths worth highlighting for readers. First, this is the largest study to have examined a well-defined, comprehensive and empirically based cardiovascular health initiative (LS7) in relation to cognitive function. The AHA LS7 national initiative that began in 2010 has clearly defined 10-year goals for reducing cardiovascular morbidity and mortality, an initiative that has the potential for improving cognitive aging as well. 13 Secondly, our study extended over 20-years from midlife to older age. Thirdly, we accounted for biases (e.g., sensitivity analyses) and used sophisticated analytic techniques and methods to ensure our study results estimates were robust and reproducible. Finally and to our knowledge, this is the first study to have included African Americans and Whites. Previous studies of CVH and cognition from northern Europe and the US did not include racially diverse populations. In an increasingly diverse US, it is vital to public health to ensure that heart and brain health benefits impact diverse populations.
Limitations
There are important caveats worth considering when evaluating our findings. First, LS7s were assessed at midlife, and our current analyses did not consider changes in adherence to CVH guidelines. Second, although statistically significant, the LS7 effects on cognitive function were moderate in the overall sample and small among African Americans. These racial "differences" in effect sizes may be due to the smaller sample of Blacks rather than "true" difference between groups. Third, we relied on midlife self-reported of cardiovascular health behaviors, which may have introduced biases that affected our estimates in relation to cognitive function. Fourth, the cognitive test battery that we reported was limited. An expanded test battery could reveal other associations with cardiovascular health. Fifth, we examined only non-institutionalized persons in targeted ARIC communities, which limits study generalizability. Finally, our focus was on time change in cognitive scores. Modeling diagnoses measures, such as Mild Cognitive Impairment that occurred over the study period, were outside the scope of this work and not accounted for in the analyses. Future work should examine the associations between LS7 and its components and onset of cognitive disorders.
Conclusions
Cardiovascular health is vital for healthy heart and brain function and aging. Without cures for dementias on the near horizon, public health means for reducing risk for cognitive decline and dementias are being sought. Healthy cardiovascular lifestyles are increasingly recognized as cognitively beneficial and may provide neuroprotection and resilience to impairment. 17, 18 If so, improving population-level cognitive health through modifiable CVD risk factors has the potential to mitigate the looming public health burden of Alzheimer's disease and other dementias, especially among those at increased risk for these disorders. 42
Research in Context
Systematic review
We reviewed the existing research literature on cardiovascular health and healthy cognitive aging.
Interpretations
Our findings that that multiple facets of midlife cardiovascular health (e.g., diet and blood pressure) are related to better cognitive function 20-years later contribute to a growing body of evidence that healthy brain aging begins in midlife.
Future directions
In this study, the effect sizes of midlife cardiovascular health on cognitive function 20years later were small; however, at the population level these small effects can yield appreciable results. The longterm effects of midlife cardiovascular health were less discernible among African Americans relative to Whites suggesting that additional attention may be needed for diverse populations to reduce health disparities. . Z-scores for each 0f these tests were created at each testing occasion by scaling to their mean and standard deviation (SD) at baseline (1990) (1991) (1992) . The average of these 3 test-specific z scores was used to create a global longitudinal composite (Global Z) score that was then scaled to its baseline SD. Note 2: Bars around the estimates represent 95% confidence intervals. . Z-scores for each 0f these tests were created at each testing occasion by scaling to their mean and standard deviation (SD) at baseline (1990) (1991) (1992) . The average of these 3 test-specific z scores was used to create a global longitudinal composite (Global Z) score that was then scaled to its baseline SD. Note 2: Bars around the estimates represent 95% confidence intervals. Note 1: Z-scores for each 0f the cognitive tests were created at each testing occasion by scaling to their mean and standard deviation (SD) at baseline (1990) (1991) (1992) . The average of these 3 test-specific z scores was used to create a global longitudinal composite (Global Z) score that was then scaled to its baseline SD. 
